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Abstract
Neurologic complications of infective endocarditis (IE) are common and frequently life threatening. Neurologic events are not
always obvious. The prediction and management of neurologic complications of IE are not easily approached algorithmically, and
the impact they have on timing and ability to surgically repair or replace the affected valve often requires a painstaking evaluation
and joint effort across multiple medical disciplines in order to achieve the best possible outcome. Although specific recom-
mendations are always tailored to the individual patient, there are some guiding principles that can be used to help direct the
decision-making process. Herein, we review the pathophysiology, epidemiology, manifestations, and diagnosis of neurological
complications of IE and further consider the impact they have on clinical decision making.
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Introduction

In developed countries, the incidence of infective endocarditis

(IE) ranges from 3 to 9 cases per 100 000 per year, and it is

twice as common in men.1-3 Staphylococcus aureus is the

most common organism. Up to 30% of those having bactere-

mia with staphylococcus will develop endocarditis.4 Patients

with valvular abnormalities, such as prostheses, mitral regur-

gitation (MR), or aortic stenosis or with endocardial damage

from circulating particulate matter as from intravenous (IV)

drug use, are at the greatest risk of contracting endocarditis.

Indeed, some 75% of patients with IE have structurally abnor-

mal hearts.4

In addition to host factors, IE development also overwhel-

mingly involves microbes that have certain characteristics,

such as platelet aggregating capabilities. Staphylococcus and

Streptococcus species are the most common etiologic agents

of IE, owing in part to this capacity.4 Ability of the microor-

ganism to activate platelets creates an environment condu-

cive to vegetation formation and theoretically supports

the use of antiplatelet agents in the management of disease.

However, studies of antiplatelet use in neurological compli-

cations of endocarditis have had neutral or negative

results.5,6

Neurologic sequelae are the most frequent extra car-

diac complications of IE, occurring in anywhere from

25% to 70% of cases.1,7,8 Mortality is higher in those with

neurological complications than in those without.9 These

complications can be the presenting symptoms of infec-

tion, most commonly in the form of embolic stroke. How-

ever, clinical manifestations of neurologic disease are

protean and include ischemic or hemorrhagic stroke,

infected intracranial aneurysm, meningitis, brain abscess,

spinal epidural abscess, encephalopathy, mononeuropathy,

and seizure. Conversely, complications may be com-

pletely silent, and clinically inevident neurologic disease

has been shown to occur in 30% of cases with IE by ima-

ging evaluation.8 The risk of developing neurologic

complication from IE depends principally on characteris-

tics of the vegetation and duration of antibiotic treatment.

Larger, left-sided lesions on the mitral valve are more

likely to embolize, and this is more likely to occur before

antibiotics are started or within the first week after
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antibiotic initiation. Anticoagulation use at the time of

presentation is a risk factor for hemorrhagic complica-

tions. The presence of neurologic complications and their

type and severity impact the management of valvular dis-

ease, but cases must be considered individually, as sever-

ity of cardiac disease, comorbid conditions, and patient

preferences may affect decisions regarding valvular sur-

gery. In some instances, neurosurgical intervention is also

warranted. If so, this may impact timing of valve repair.

No properly controlled trials have been undertaken to

address such interventions. There are, however, many

small studies that can be used to help the neurologist make

these important and difficult clinical decisions. A summary

of the recommendations outlined in this article can be found

in Table 1.

Neurologic Complications and Their
Management

Encephalopathy

Encephalopathy is a common complication of IE that should

prompt further workup. Encephalopathy may be secondary to

systemic insults such as fever, azotemia, electrolyte distur-

bances, or hypercarbia or point to underlying central nervous

system involvement in the form of ischemic stroke, hemorrhage,

cerebral abscess, or meningitis as discussed subsequently.

Stroke

Acute ischemic stroke is the most common neurological com-

plication of IE, manifesting clinically in 20% to 40% of

Table 1. Summary of Author Recommendations.

Neurologic
Complication Epidemiology

Clinical Manifestations
in IE Management

Implications for Cardiac
Surgery if Indicated

Ischemic
stroke

Clinically present in
20% to 40% of
patients with IE

Asymptomatic
ischemia can be
found in an
additional 30% to
40% of patients with
IE

Focal deficits,
encephalopathy, and
seizure

Avoid IV tPA, antiplatelet agents, and
anticoagulation

Clinically silent/small infarcts should
not delay cardiac surgery

Larger infarcts may warrant delaying
surgical intervention for up to 4
weeks

Intracerebral
hemorrhage

Present in 4% to 27%
of patients with IE

Microhemorrhage is
present in up to
57% of patients with
IE

Focal deficits,
headache,
encephalopathy, and
seizure

NVE: avoid all antiplatelets and
anticoagulants

PVE: prophylactically, convert oral
anticoagulants to IV heparin and
should hemorrhage develop stop
anticoagulation for 10 to 14 days

Postpone cardiac surgery for 4 weeks
following clinically significant
hemorrhage

Infectious
intracranial
aneurysms

Present in at least 2%
to 4%
of patients with IE

Headache, seizures,
focal deficits,
encephalopathy,
ophthalmoplegia,
and rarely proptosis

Antibiotics and serial imaging for
stable, small, unruptured
aneurysms. Endovascular repair of
large or enlarging unruptured
aneurysms if amenable. Open
surgical clipping for large or
enlarging unruptured aneurysms
not amenable to endovascular
techniques or in eloquent areas
where surgical anastamoses may
spare function

Postpone cardiac surgery for 1 to 2
weeks following aneurysmal repair

Cerebral
abscess

Present in 1% to 7%
of patients with IE

Focal deficits, headache,
encephalopathy,
persistent fever, and
seizure

Antibiotics alone for small or
multifocal abscesses. Surgical
drainage for abscesses that are large
or do not respond to antibiotics.
Neurosurgical intervention as
appropriate for hydrocephalus or
significant mass effect

Typically will not interfere with
surgical planning. Prioritize
neurosurgical intervention in the
setting of hydrocephalus or
significant mass effect. If
hemorrhage accompanies,
manages as mentioned earlier

Meningitis Present in 1% to 20%
of patients with IE

Headache,
encephalopathy,
seizure, neck/back
pain, nuchal rigidity,
and photophobia

At least 4 weeks of antibiotics Typically will not interfere with
surgical planning

Abbreviations: IE, infective endocarditis; IV, intravenous; tPA, tissue plasminogen activator; PVE, prosthetic valve endocarditis; NVE, native valve endocarditis.
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patients with IE.8,10,11 Asymptomatic ischemia recognized by

neuroimaging studies occurs in another 30% to 40% of

patients.7,8 Thus, ischemic stroke may be more likely than not

in patients with IE.

There are some scenarios in which the risk of cerebral

ischemia is more likely. First, anterior mitral valve leaflet

endocarditis confers the highest risk.12 Second, left-sided

endocarditis is associated with a much higher risk of stroke

than right-sided IE. Third, S aureus infection, before or less

than 1 week after initiation of antibiotics, increases the likeli-

hood of stroke.

The mechanism of acute cerebral ischemia in IE is very

likely embolic. Ischemic strokes in IE most commonly occur

in the middle cerebral artery territory12 (Figure 1), likely as a

result of the high percentage of blood volume in these terri-

tories. However, multifocal infarction is also common and fre-

quently involves the end arterial territories of cerebral vessels

(Figure 2B and C).7

Figure 1. Stroke complicating endocarditis. Axial diffusion-weighted imaging (left) and T2 fluid-attenuated inversion recovery (FLAIR) imaging
(right) of a 64-year-old female with a history of severe mitral regurgitation who presented with confusion 2 weeks after a dental procedure.
Imaging shows a large right middle cerebral artery territory embolic infarct. The patient was found to have Streptococcus mitis bacteremia and
mitral valve endocarditis. Vessel imaging was patent, and she underwent successful valve repair 2 weeks after antibiotics were started.

Figure 2. Infectious intracranial aneurysm and multifocal stroke in endocarditis. Coronal computed tomography angiography (CTA) of
intracranial circulation (A), axial diffusion-weighted (DWI) magnetic resonance imaging (B), and axial T2 fluid-attenuated inversion recovery
(FLAIR) imaging (C) from a 54-year-old right-handed female who was found down by her family. CTA shows infective intracranial aneurysm
(arrow) in the right middle cerebral artery territory, and DWI and FLAIR demonstrate innumerable bilateral embolic infarcts. The patient was
found to have methicillin-sensitive Staphylococcus aureus bacteremia and endocarditis of the mitral valve, septic shock, and multiorgan failure.
Despite antibiotics, the patient remained too unstable for surgical intervention and died 20 days after presentation.
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Management of stroke in the setting of IE differs from that

of stroke due to noninfective mechanisms insofar as anticoa-

gulation and antiplatelet agents are contraindicated, at least

acutely.5,13 Evaluation of cardiac function may reveal an indi-

cation for valvular surgical intervention, and stroke complicat-

ing IE can impact the timing of this, as discussed further on.

Thrombolytic therapy with recombinant tissue plasmino-

gen activator (r-tPA) or related agents has not been well stud-

ied in IE-related stroke. In the largest case series,14 4 patients

having IE presented with ischemic stroke and were treated

with thrombolysis. All 4 developed hemorrhage after IV

r-tPA, 3 of whom died. For this reason and due to poor out-

comes with acute anticoagulation, r-tPA may increase the

risk of bleeding in these patients. The management differences

to other types of ischemic stroke pose a potential clinical con-

undrum in the scenario whereby stroke is the presenting symp-

tom of IE. If a patient appears with a stroke that is amenable to

thrombolytic treatment, antiplatelet agents, or anticoagula-

tion, one could inadvertently use a thrombolytic drug in a

patient with occult endocarditis, thereby precipitating devas-

tating results. This has not been studied thoroughly enough for

a uniform recommendation to be established, but if there is a

suspicion that IE could be present, caution should be exercised

regarding the use of thrombolysis, acute anticoagulation, or

antiplatelet therapy.

Cerebral Hemorrhage and Microhemorrhage

Hemorrhage in the brain in the setting of IE usually presents in

the parenchyma or subarachnoid space. Parenchymal hemor-

rhage can be caused by hemorrhagic conversion of a prior

ischemic infarct, microhemorrhage with or without progres-

sion to clinical hemorrhage due to vascular friability, or rup-

ture of an infectious aneurysm. Quoted frequencies of

cerebral hemorrhage in the literature may vary based on inclu-

sion criteria of the aforementioned mechanisms. A series of

198 patients who defined cerebral hemorrhage as primary

intracerebral hemorrhage, hemorrhagic conversion of a prior

ischemic infarct, or rupture of infectious aneurysm found

hemorrhage in 27% of patients.10 Another study of 113

patients with a similar definition found the rate of cerebral

hemorrhage to be only ~4%.15 The risk of hemorrhage may

be higher in those who are on anticoagulant drugs at the time

of presentation13 or who are treated with anticoagulation or

antiplatelet agents early after diagnosis. Infection as well as

concomitant medications may prolong the international nor-

malized ratio (INR), and not surprisingly patients with a

supratherapeutic INR seem to be at particularly high risk of

fulminant hemorrhage.16 Nonetheless, the decision to con-

tinue anticoagulation in prosthetic valve endocarditis remains

controversial. At least one series13 showed a higher mortality

in those maintained on anticoagulation, several other studies

report contradictory findings. For instance, one series of

50 cases of prosthetic valve endocarditis found an increased

rate of neurological complications in patients with prosthetic

valve endocarditis who were not adequately anticoagulated.17

The series was too small to note any significant difference in

mortality. A previous study of 52 cases of prosthetic valve

endocarditis18 reported a benefit in both mortality and neuro-

logic complications in patients with prosthetic valve endocar-

ditis who were kept on adequate anticoagulation. In that

series, the onset of stroke in those patients in whom anticoagu-

lation was discontinued occurred between 7 and 23 days with

a mean of 17 days from the time of diagnosis. A series includ-

ing patients with both native and prosthetic valve endocarditis

found that while the incidence of neurologic complications

was increased overall in anticoagulated patients, it was not

increased in the subgroup of patients with prosthetic valves.19

Furthermore, this series failed to find a mortality difference in

either the larger group of all patients with IE or the subgroup

of patients with prosthetic valve endocarditis.

Cerebral microhemorrhage is increasingly acknowledged

as a silent complication of endocarditis7,20 and recently has

been implicated in predicting overt hemorrhage.21 Cerebral

microhemorrhage has been detected in 57% of cases with

IE, usually located cortically and with an average of about

8 microbleeds per patient.7 The proposed mechanism is that

of infective vasculitis22 although this is speculative. Addition-

ally, although there is no data linking the presence of micro-

hemorrhage to later overt hemorrhage when antiplatelet

agents or anticoagulants are used, there could be an increased

risk in this setting.

In our practice, we do not recommend acutely treating

patients with native valve IE and ischemic stroke or microhe-

morrhage with anticoagulation. Should they develop another

indication for anticoagulation such as atrial fibrillation, deep

venous thrombosis (DVT), or pulmonary embolism, the deci-

sion must be individualized. In general, we favor delaying

anticoagulation for at least 14 days following treatment initia-

tion in ischemic stroke. An inferior vena cava filter may act as

a temporizing measure in patients with DVT. In prosthetic

valve endocarditis, we usually convert patients from oral

anticoagulants to IV heparin immediately with lower intensity

than in patients without IE. In patients with prosthetic valve

endocarditis and moderate to large ischemic strokes, we usu-

ally recommend discontinuing anticoagulation for at least

10 to 14 days. For smaller strokes in patients with prosthetic

valve endocarditis, such as asymptomatic punctuate infarcts

seen only on magnetic resonance imaging (MRI), we may

continue anticoagulation using heparin with serial surveil-

lance imaging. As anticoagulation is often required during

or after a surgical procedure, neurologic deterioration is much

more likely when surgery for valve replacement or repair is

undertaken too soon in the setting of intracranial blood as is

described further on.

Infectious Intracranial Aneurysm

Although most intracranial hemorrhages (ICHs) in patients

with IE are caused by septic erosion of the arterial wall, a
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smaller number are caused by infectious intracranial, also

known as mycotic, aneurysms. Although the term ‘‘mycotic

aneurysm’’ has historically been used to describe septic aneur-

ysms from any microorganism, the word ‘‘mycotic’’ connotes

a fungal etiology. Since fungi can produce intracranial aneur-

ysms as well as bacteria, ‘‘infectious intracranial aneurysm’’

(IIA) is emerging as the preferred term.23 Infectious intracra-

nial aneurysms are relatively rare complications of infectious

endocarditis, found in only 2% to 4% of patients23 with IE and

accounting for 5% to 12% of patients having IE with neurolo-

gical manifestations.24 However, the actual incidence is prob-

ably higher, as they can be clinically silent and subsequently

resolve with antibiotic therapy. Therefore, if imaging is

not obtained, IIAs can go undetected. Infectious intracranial

aneurysms are more common than infected aneurysms in other

locations in the body. They are thought to arise from emboli of

cardiac valvular vegetations to the vasa vasorum of the cere-

bral vessels or from emboli directly to the distal vasculature.

Infectious intracranial aneurysms in the setting of bacterial

endocarditis are most frequently found in the very distal

branches of the cerebral circulation and usually occur in the

middle cerebral artery territories (Figure 1), whereas fungal

aneurysms may have a predilection for proximal vessels such

as the internal carotid and basilar arteries.24 The mechanism

is likely destruction of the vessel wall through interaction of

organisms with the immune inflammatory response of host.25,26

Management of IIAs depends on several factors, including

size, location, expertise of the managing clinicians, and

whether there has been rupture. It is likely that the most

important feature in IIAs is whether they have ruptured. This

is based on the high mortality in patients with ruptured aneur-

ysms—up to 80% in one study27 versus 30% mortality in those

with unruptured aneurysms. It is unknown whether the

increased mortality is due to rebleeding or to the initial hemor-

rhage itself. Ruptured IIAs are managed by either open or

endovascular means, following which a 2- to 3-week delay

is recommended prior to cardiac valve replacement.28 Clip-

ping, the surgical procedure favored in noninfectious aneur-

ysms, may be technically difficult, as IIAs tend to be

fusiform with poorly defined necks and friable walls. Proximal

ligation is therefore often necessary. Anastomotic procedures

that can spare distal vessels in eloquent areas are sometimes

possible. Endovascular therapies are less invasive alterna-

tives that may be more appropriate in patients who are unfit

for surgery due to cardiac disease. Detachable coils are pre-

ferred for proximal aneurysms, while distal aneurysms that

are not accessible to microcatheters can be managed with

acrylic glue or autologous clot injections. It is possible that

valve surgery may be safe after a shorter time period, but

data are lacking.

There is more disagreement regarding unruptured aneur-

ysms. As in other cerebrovascular complications of IE, the

data here are limited by small sample sizes, lack of randomi-

zation, selection biases, and failure to include measures of

morbidity in addition to mortality outcomes. There are little

data to guide management in the scenario of a patient with

an unruptured aneurysm and an emergent or urgent indication

for cardiac valve replacement. A 2002 study29 reported on 5

patients who had endovascular repair for unruptured aneur-

ysms and underwent valve repair within a week without com-

plication. A more recent review30 suggests the use of antibiotics

and serial imaging for stable, small, unruptured aneurysms or

antibiotics and endovascular treatment for large, enlarging, or

symptomatic unruptured aneurysms. If endovascular interven-

tion is unfeasible, clip reconstruction or proximal vascular

occlusion with or without bypass is recommended. Anticoagu-

lation, antiplatelet, and thrombolytic therapy should not be used

in the setting of a known IIA, as there would be very few sce-

narios in which the risk of aneurysm rupture is outweighed by

the need for acute anticoagulation.

Bacterial Brain Abscess

Bacterial brain abscess is a rare complication of endocardi-

tis,11 affecting between 1% and 7% of patients with IE.10,31

They are most commonly seen in the setting of methicillin-

resistant S aureus (MRSA) IE (Figure 3).24 By MRI, these are

usually seen as multiple rim-enhancing lesions at the gray–

white junction, which can be the cause of significant edema,

hemorrhage, and/or mass effect. Given the potential for co-

occurrence and potential implications on surgery, we recom-

mend intracranial vessel imaging to evaluate for IIAs in the

setting of abscess, although no strict guidelines exist.

Although these can be solitary and the evaluation of a single

brain abscess should include evaluation for IE, most solitary

brain abscesses are not the presenting manifestation of IE.24

The treatment for brain abscess is first and foremost with

antibiotics to include MRSA coverage if the organism is not

known. As they are most commonly multifocal, surgical

resection may not be feasible. However, when significant

hydrocephalus or impending herniation is present, supportive

surgical interventions may be necessary. In general, following

the guidelines for non-IE-associated bacterial brain abscesses,

we recommend at least 4 weeks of IV antibiotics for those who

have been surgically managed and 6 to 8 weeks for those

medically managed,32 monitored by serial imaging to assess

the size and diffusion restriction of the abscess. A longer

period of treatment can be necessary to achieve resolution.

Meningitis

Meningitis is a relatively rare complication of IE. Meningitis

may occur during bacterial endocarditis caused by pyogenic

organisms such as S aureus and enterococci. In more chronic

bacterial endocarditis (formerly known as subacute bacterial

endocarditis), sterile emboli to the brain may lead to signs

of meningeal irritation and cerebrospinal fluid pleocytosis.

A history of cardiac valve disease, dental manipulation, and

recurrent fever preceding the meningeal signs should be

sought. Careful examination for heart murmurs and peripheral
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stigmata of endocarditis (eg, Janeway lesions, Roth spots, and

Osler nodes) are key components of the evaluation. The

reverse may also occur. That is, in patients with pneumococcal

meningitis and concomitant bacteremia and pneumonia, acute

endocarditis may develop as a complication, most commonly

manifested with vegetations on the aortic valve. A new cardiac

murmur that appears after the meningitis has been diagnosed

should suggest this possibility.

Recent large case series suggest meningitis can be associ-

ated with 1% to 20% of cases with endocarditis.10,31,33 In a

French multicenter study of 198 patients with left-sided endo-

carditis, 108 (55%) patients had at least 1 neurological compli-

cation. Meningitis or meningeal reactions were present in

41 (20.7%) patients. of these 41 patients, 39 had fever, nuchal

rigidity, and/or altered mental status, rather than only cere-

brospinal fluid (CSF) abnormalities. Cerebrospinal fluid

revealed elevated cell counts (32-600 cells/L) with an average

of 90% (86%-97%) polymorphonuclear leukocytes and ele-

vated protein levels (0.63-1.57g/L). Cultures of CSF were pos-

itive in 16 patients, but organisms found were not reported.10

In a multicenter cohort of 1345 consecutive episodes of

left-sided IE, 340 (25%) patients experienced neurological

complications. Encephalopathy occurred in 69 (5%) patients,

while meningitis occurred in 17 (1.2%) and brain abscesses in

2 (0.1%). Staphylococcus aureus was the most commonly

implicated bacteria, present in the cultures of 33 (48%)

patients with encephalopathy and in 8 (47%) patients with

meningitis.9

In another cohort study, endocarditis was identified in

24 (2%) of 1025 episodes of adults with community-

acquired bacterial meningitis. An immunocompromised

state was identified in 8 patients, alcohol abuse in 4 patients,

and heart valve disease in 3 patients. One patient had an

intracardiac device. Five (21%) patients presented with Osler

triad of meningitis, endocarditis, and pneumonia caused by

Staphylococcus pneumoniae. Cultures yielded S pneumoniae

in 13 patients, S aureus in 8 patients, and Staphylococcus

agalactiae, Staphylococcus pyogenes, and Staphylococcus

salivarius in 1 patient each. Of the 24 patients, 7 (29%) with

meningitis and endocarditis died.33

Choice of treatment for IE-related meningitis should be

guided by standard principles of bacterial meningitis man-

agement; however, the course of antibiotic therapy should

last 4 to 6 weeks, which is significantly longer than the dura-

tion for patients treated for meningitis without endocarditis

(10-14 days).11

Issues Regarding Surgical Intervention

No large, prospective, controlled studies have directly

addressed the issues of whether or when to undertake valve

repair in patients with IE. More recent studies have incorpo-

rated propensity analyses in order to adjust for the inherent

biases of treatment selection. Nonetheless, such analyses

have yielded inconsistent results likely due to variation in

methodology.34 As such, the data are conflicting, and even

Figure 3. Multiple abscesses and ventriculitis complicating endocarditis. Axial susceptibility-weighted imaging (SWI, A), diffusion-weighted
imaging (DWI, B), T1-weighted imaging after administration of gadolinium (C), and T2 fluid-attenuated inversion recovery (FLAIR) imaging (D)
of a 36-year-old, right-handed man with a history of intravenous drug use who presented with malaise and multiple sites of pus-expression on
the skin and in the left orbit, subsequently found to have methicillin-resistant Staphylococcus aureus bacteremia and aortic valve endocarditis.
Magnetic resonance imaging shows 2 space-occupying lesions (arrow and arrow head) with internal restricted diffusion (B) and rim
enhancement (C), and 1 with areas of susceptibility artifact, consistent with blood (A). Additionally, the lining of the frontal horn of the lateral
ventricle demonstrates enhancement postcontrast (curved arrow, C), some diffusion restriction (B), and T2 hyperintensity (D) on FLAIR,
consistent with ventriculitis. The patient underwent intensive antibiotic treatment, parapharyngeal abscess debridement, and left parietal
craniectomy and lesionectomy with right frontal extraventricular drain placement with subsequent removal, and at follow up 6 months later had
only residual right homonymous hemianopia and a seizure disorder. Native valve intervention was not required.
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guidelines issued by the major European and American

cardiac associations differ. Although the European guide-

lines offer guidance regarding the timing of surgery, the

American guidelines do not, see Table 2 for a summary

of these guidelines.

Both the American College of Cardiology (ACC 2006)35

and the European Society of Cardiology guidelines (ESC

2009)36 give class I recommendations for surgery for native

valve endocarditis in the setting of lesions that result in heart

failure or in cases of aortic regurgitation (AR) or MR with

hemodynamic evidence of elevated left ventricular end-

diastolic or left atrial pressures or greater than moderate pul-

monary hypertension. In one propensity analysis,37 there was

a significant mortality benefit to surgery even after adjusting

for baseline variables associated with mortality. This benefit

was most striking in those patients with moderate to severe

heart failure in whom mortality decreased from 51% to 14%
with surgery. Surgery is recommended on an urgent basis in

less severe but persisting heart failure or with echocardio-

graphic evidence of hemodynamic intolerance. The ESC

offers a class IIa recommendation that surgery can be post-

poned on an elective basis in cases of severe AR or MR in the

absence of heart failure or in the setting of prosthetic valve

dehiscence.36

Both ACC and ESC guidelines recommend surgery in the

setting of uncontrolled infection. Uncontrolled infection can

manifest locally (with abscess, false aneurysm, fistula, or

enlarging vegetation) or systemically (with persisting fever

or positive blood cultures after 7 days of appropriate antibiotic

therapy). The ACC and ESC guidelines agree that surgical

intervention is indicated in locally uncontrolled infections

(class I). Both ACC and ESC recommend surgery in the set-

ting of systemically uncontrolled infection (ACC class IIa and

ESC class I). Both organizations list infection caused by fun-

gal or multidrug-resistant organisms or prosthetic valve endo-

carditis caused by staphylococci or gram-negative bacteria

as a class I indication for urgent or elective surgery. Class I

(ESC) or class IIa (ACC) recommendations exist for urgent

surgical intervention in both native and prosthetic valve endo-

carditis with recurrent emboli and persistent vegetations,

despite appropriate antibiotic therapy.

In mobile lesions that are larger than 1 cm, the ACC pro-

poses (class IIb) that it is reasonable to consider surgical inter-

vention, as these lesions are at significantly higher risk of

embolization.38 The ESC provides a class I recommendation

for urgent surgery for lesions larger than 1 cm following

embolic infarct, despite appropriate antibiotic therapy or in the

presence of other predictors of a complicated course. The ESC

guidelines state that isolated lesions larger than 1.5 cm are a

strong predictor of mortality and as such may be considered

for operative intervention in the absence of further complica-

tions (class IIb).39

In the absence of cerebrovascular pathology, the urgency of

surgical intervention should be considered in the context of

the above-mentioned scenarios. Of course, the risk of inter-

vention varies widely depending upon the presence of the cer-

ebrovascular complications of endocarditis. The majority of

patients with cerebrovascular complications have at least

1 indication for surgical intervention, and prognosis is poorer

in these patients if not operated upon.40

Neurologists are often concerned that relative hypotension

and full anticoagulation with heparin during cardiopulmonary

Table 2. Comparison of Neurologically Relevant Recommendations for Surgical Intervention by American College of Cardiology (2006) and
European Society of Cardiology Recommendations (2009).a

ACC ESC

IE with persistent emboli
despite appropriate
antibiotic therapy

Surgery is indicated (class IIa) Urgent surgery is indicated (class I)

IE with large left-sided
vegetations

Surgery may be considered in NVE
with mobile vegetations > 10 mm
(class IIb)

Class I indication for urgent surgery with vegetations > 10 mm plus
other predictors of complicate course such as HF, persistent
infection, abscess (class I). Urgent surgery should be considered
for isolated vegetations > 15 mm (class IIb)

After silent cerebral embolism
or TIA

No recommendation Surgery should proceed without delay if an indication remains
(class I)

After intracranial hemorrhage No recommendation Surgery must be postponed for at least 1 month (class I)
After clinically relevant stroke No recommendation Surgery for HF, uncontrolled infection, abscess, or persistent high

embolic risk should not be delayed. Surgery should be considered
in absence of coma and CT evidence of hemorrhage (class IIa)

Abbreviations: IE, infective endocarditis; ACC, American College of Cardiology; ESC, European Society of Cardiology Recommendations; NVE, native valve
endocarditis; HF, heart failure; TIA, transient ischemia attack; CT, computed tomography.
a Per ESC guidelines, ‘‘urgent’’ surgery should be performed ‘‘within a few days’’.
Class I: evidence and/or general agreement that a given treatment or procedure is beneficial, useful, and effective.
Class II: conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of the given treatment or procedure.
Class IIa: weight of evidence/opinion is in favor of usefulness/efficacy.
Class IIb: usefulness/efficacy is less well established by evidence/opinion.
Class III: evidence or general agreement that the given treatment or procedure is not useful/effective and in some cases may be harmful.
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bypass may exacerbate neurologic injury either by infarction

extension or by hemorrhagic conversion. These effects are

probably determined by the size of the infarct and its clinical

relevance. Several series have shown that it is safe to operate

early after silent infarctions.8,40,41 Early surgical intervention

after a clinical stroke of small size, defined as less than 15 mm

in diameter,42 also appears to be safe. Hence, the presence of

silent infarctions on imaging or clinical ischemic strokes of

small size should not delay surgical intervention.

The timing of surgery in the presence of larger infarctions is

more controversial. A series from 2001 showed43 that patients

with ischemic embolic infarcts who undergo surgery prior to

72 hours fared better than those treated medically and that those

treated more than 8 days after stroke had poorer prognoses. Other

case series support the safety of early cardiac surgery.44 In con-

trast, perhaps the largest study to evaluate timing of surgery in

the setting of embolic infarction45 strongly favored delayed sur-

gery, with neurologic complication rates of 45.5% for cardiac

surgery within 24 hours, 43.8% within 2 to 7 days, 16.7% within

8 to 14 days, 10.0% within 15 to 21 days, 10.5% within 22 to 28

days, and 2.3% after 28 days. Other large series29,46 are in accord

with the recommendation for delayed operation. Disparate

results are likely due to heterogeneity of populations, small sam-

ple sizes, an overreliance on retrospective data collection, and

nonrandomized trial designs rife with treatment biases. A recent

attempt to correct for some of these biases was completed.47 The

investigators performed a risk adjustment analysis for differ-

ences in patient characteristics and compared mortality in early

versus late surgical intervention. After adjustment, early surgery

was not significantly associated with decreased survival when

compared to late surgery. Unfortunately, they did not collect data

reflecting clinical neurologic status.

In the setting of intracerebral hemorrhage, there are even

less data to guide the timing of surgical intervention. Intracer-

ebral hemorrhage can be due to hemorrhagic conversion of

ischemic infarct, rupture of septic material through the arterial

wall, or rupture of IIAs. There are very few reported cases of

surgical intervention prior to 4 weeks following hemorrhage.

In a retrospective review of several series of patients with neu-

rologic complications who underwent valve replacement, 41

patients were found with intracerebral hemorrhage. In those

41 patients, the rate of neurologic deterioration was 20% for

those operated upon between 3 and 4 weeks, and 15% for

those operated upon after 4 weeks. There are, however, lim-

ited case reports of patients with small hemorrhages tolerating

valve replacement without further neurological insult.45,48

The ESC has recommended a moratorium on surgery for at

least 4 weeks following ICH.

We consider all patients individually in terms of timing of

surgery. Small or silent strokes are generally not viewed as

an impediment when the need for valve replacement is great.

Furthermore, as the risk of continued stroke drops dramatically

with initiation of antibiotic therapy from 4.82/1000 patient-days

in the first week to 1.71/1000 patient-days in the second

week,49 if one were to recommend surgery, it makes sense to

perform it early when there is more to gain. The decision to pro-

ceed to early surgery in larger infarctions must be weighed in

light of the surgical indications, perioperative risk factors, and

likelihood of additional embolic events that would further com-

promise both neurologic function and surgical safety. In gen-

eral, after a large ischemic stroke, we prefer to postpone

intervention to 4 weeks if safe to do so, but at the same time

we monitor closely for changes in severity of the clinical sce-

nario. In the setting of intracerebral hemorrhage, we tend to

be more conservative and agree with the recommendation of

delaying valve replacement by at least 4 weeks, except perhaps

in the setting of minor petechial hemorrhage for which we may

be more aggressive. The decision of how best to manage

infected intracranial aneurysms should be evaluated on a

case-by-case approach with the aid of neurosurgery, interven-

tional neuroradiology, and cardiac surgery as mentioned earlier.

Data on implications of bacterial brain abscesses and

meningitis on surgical intervention are very limited; in gen-

eral, their presence does not seem to affect timing so long as

they are adequately addressed with antibiotics.48 We have

found this true for the majority of the cases. However, in the

setting of multiple brain abscesses, excess mass effect or

hydrocephalus must be addressed prior to cardiac surgery.

Additionally, in hemorrhagic lesions, caution is advised to

proceed as in intracerebral hemorrhage, detailed earlier.

Conclusion

Infective endocarditis is an important and serious disorder

that is frequently complicated by both occult and overt neu-

rologic disease including ischemic and hemorrhagic stroke,

IIA, brain abscess, and/or meningitis. The discovery of such

complications demands careful consideration that may alter

decision making regarding surgical management of the

underlying disease. Interpretation of the literature governing

management of neurologic complications of IE remains chal-

lenging, given the paucity of prospective, controlled studies.

A multidisciplinary collaborative approach is critical in

order to optimize outcomes.
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